In a previous article (Spicer, 1933) I reported the results of a study concerning variation of seven strains of hemolytic streptococci from scarlet fever and erysipelas. This study embraced the morphological, cultural and some serological phases in the dissociative processes both spontaneous and induced. The strains were type strains representative of four of our scarlet fever groups and three of our erysipelas groups and were designated, for the sake of clarity, as type I, type sub I, type III and type IV of scarlet fever, and type I, type II and type sub II of erysipelas, corresponding to the types represented by the strains in question. The rough variants obtained from each were designated as R variants of their particular type strains.
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was therefore difficult to determine the comparative virulence of the R variants with that of the original strains. An attempt was made to raise the virulence of each of the S and R strains by mouse passage.
While the virulence of most of the S strains could be raised by continuous mouse passage so that 10-6 and 10-v cc. of culture killed a mouse in from twenty-four to seventy-two hours, the R strains did not yield such results. They could not be carried from mouse to mouse and it usually required as much as 1 cc. of a heavy eighteen-hour culture to kill the first mouse in from seventy-two to ninety-six hours.
An attempt was also made to induce variation from the virulent S-passed mouse cultures and then test the subsequent S and R variants. The method used to incite the process was the same as that in obtaining the other variants, i.e., by aging. The results, however, were not so successful as those obtained from the original strains. The new variants were not of the extreme rough type, but of the coarse variety. Comparative tests were made with these variants. It was found that while both were virulent to a certain extent, it was always the S form that proved to be more virulent for white mice, except in one case, that of type sub II erysipelas, in which both the S and the R were of equal virulence.
A new R variant of one of the scarlet fever type strains was recently found, that of type IV. This strain on passage through mice, yielded an R variant of equal virulence with that of the original S strain from which it was obtained.
CARBOHYDRATE FERMENTATION REACTION
Tests on carbohydrate fermentation were carried out with all the S and R strains under study. The fermentation tests were made in sugar-free veal-infusion agar slants to which had been added horse serum, Andrade indicator, and one of the sugars to be tested (lactose, mannitol, raffinose, salicin and inulin). Each tube was inoculated, butt and slant, with a fresh culture of S or R strain and incubated for eight days. Positive and negative controls of each sugar were run. Readings were made daily.
Result. All the rough variants showed the same fermentative power as the homologous S or parent strains, except in one case, that of type II erysipelas in which a subacidu8, by Holman's classification, changed on dissociation to a pyogenes, thus showing a new physiological characteristic in its assumed ability to ferment lactose and salicin, although it did so only slowly.
TOXIN PRODUCTION
The rough and the smooth strains were planted in veal broth and incubated for six hours. Each strain was then planted in trypsin digest broth and incubated for four days. They were streaked daily on blood agar plates and examined for any possible changes.
All the rough strains, and to a lesser degree the smooth strains, showed dissociative changes during the four days' growth in the trypsin digest broth and, moreover, the ratio of the different variants in the same culture bottle changed from day to day.
The filtrates from the cultures of the S and R strains thus grown for four days in trypsin digest broth were either found to be alike in toxicity or the rough was somewhat weaker than the smooth, as tested on rabbit's skin. However, no definite conclusions as to the comparative toxin production by either strain can be drawn, since a thorough study of this phase of bacterial variation would involve the stabilization of both type strains in the special media used. This is time-consuming and not always successful. So much however may be said with certainty: If a culture consists of a mixture of variants, there is no way of telling which is the better toxigenic strain, especially when the ratio of the R to the S varies from day to day, as I have found it to do on daily examination of the cultures.
COMPARATIVE PROTECTION AFFORDED TO MICE IMMUNIZED WITH VACCINES PREPARED FROM R AND S VARIANTS
Comparative protection tests were conducted with the S and R forms of three of the strains, those most stable and of the extreme rough type. These were: type I and type II erysipelas and type IV scarlet fever. Killed, formalinized vaccines were used for immunization of the white mice and were prepared as follows: The S and R strains taken from stock cultures were first streaked on blood agar plates and examined for purity of type. They were then transplanted into beef-heaxt broth, incubated for six hours, planted on vitamin agar slants mi Blake pint bottles and incubated for eighteen hours. The growth from the Blake bottles was then washed off with saline solution, the cells collected into centrifuge tubes and centrifugated for thirty minutes. The supernatant fluid was then poured off and the cells washed once and resuspended in formalinized saline solution (0.1 per cent formalin in 0.85 per cent sodium chloride solution). The vaccines were standardized by comparing the turbidity of the cell suspension with a set of Fuller's earth standard turbidity tubes. Both the S and the R vaccines were adjusted to the same turbidity standard and were equivalent to about three billion orgasms per cubic centimeter.
White mice, ranging from 18 to 21 grams in weight, were used in the protection tests. The mice received three injections intraperitoneally on alternate days, first and second injections consisting of 0.5 cc. and the third injection of 1 cc. of vaccine. On the seventh day after the last injection the mice were tested for immunity with virulent S cultures. The method of culture administration was that detailed in a previous publication (Spicer, 1935) .
The test strains were the homologous S of two of the three vaccine strains, those of type I erysipelas and type IV scarlet fever. The vaccines of type II erysipelas could not be. tested against the homologous S as this strain is non-virulent. Instead, it was tested against the S or original strain of type I erysipela.
The immunity afforded to the mice by the S and R vaccines was also tested for comparison against unrelated, heterologous strains of hemolytic streptococci. These included a strain from each of the following conditions: erysipelas, post-scarlet fever erysipelas, puerperal sepsis and general septicemia. All the test strains were rendered virulent by mouse passage so that less than ten organisms, or 10-7 to 10-8 cc., killed a mouse in from twenty-four to forty-eight hours. From previous experience we found that more uniform and more reliable results could be obtained in protection tests when the virulence of the test strain was enhanced to its maximum.
The results of the protection tests may be summarized as follows: Each rough variant strain when used as a vaccine produced an immunity in white mice equal to that produced by the smooth parent strain against the virulent homologous smooth culture.
The protection afforded by the R vaccines against virulent heterologous strains was much greater than that produced by the S strains in two out of three cases under experimentation. In one case the S protected somewhat better than the R against unrelated strains.
The rough variant of type II erysipelas gave the highest protection of the three R strains worked with, and moreover, it protected against heterologous strains to a higher degree than any of the others.
REVERSION OF ROUGH VARIANTS TO THE SMOOTH FORM
The study of reversion was made from the standpoint of morphology, sedimentation in broth cultures and saline suspensions on standing, agglutinin absorption reaction, and carbohydrate fermentation. Both induced and spontaneous reversion were considered.
I. Induced reversion. A number of reagents and factors were employed in an attempt to induce reversion of the R to the S forms, such as: (1) Growing the strains in beef-heart broth to which lithium chloride was added (0.05, 0.1 and 0.25 per cent); (2) growing the strains in peptone broth (5 and 10 per cent of peptone); (3) growing them in beef-heart broth of a high pH (8.1 to 9); (4) growing the strains at a high temperature (410 to 420C.). In no case was there reversion to the original S form. There were changes to less rough or coarse but not to the real smooth variety. Aging of the cultures, on the other hand, proved to be more successful.
Procedure. The rough strains, three in number, those of types I and II of erysipelas and type IV of scarlet fever, were chosen for this purpose because of their stability and extreme roughness. The other four rough variants spontaneously reverted to the smooth type and will be considered later. Each strain was streaked on a blood agar plate and examined for purity. Plate cultures used for inoculation looked typically rough. The cell morphology of the R variants was alike in that they all exhibited very long chains of large cocci. One-hundred-cubic centimeter bottles of beef-heart broth (pH 7.4) were inoculated with the pure cultures from plates. Two bottles were inoculated with each strain and incubated at 370C. One set of bottles was opened daily for streaking and the other was kept in the incubator to be streaked before discontinuing. No marked change was noticed before fifteen days of incubation. The observations were discontinued at the end of nineteen days.
Result. Erysipelas type I R grown for nineteen days in beefheart broth yielded a smooth strain with the following characteristics:
Colony morphology: Finely granular, light, similar to the S original, but with tendency to ring formation after forty-eight hours' incubation.
Cell morphology: Short chains of small cocci, an occasional mediumsized chain of larger cocci.
Sedimentation in broth culture and saline suspension on standing: Somewhat granular supernatant, granular precipitate.
Agglutinin absorption reaction: Partially absorbs (about 50 per cent) from the original S.
Carbohydrate fermentation: Reacts the same as the original S and the R variant from which it reverted.
Erysipelas type II R grown for seventeen days in beef-heart broth yielded a smooth type as follows: Agglutinin absorption: Partially absorbs (about 50 per cent) from the original S.
Carbohydrate fermentation: The reaction is the same as that of the S and the R.
II. Spontaneous reversion. The rough variants which spontaneously reverted to the smooth form were those of types I, sub I, and III of scarlet fever, and type sub II of erysipelas. Following is a description of the changes which these strains underwent on turning to the smooth form:
Scarlet fever type I R changed by successive stages to a smooth form. Carbohydrate fermentation: No change, same as the original S and the R from which it "reverted."
Scarlet fever type III R variants, of which there were fourteen, very early reverted to the original S and proved to be identical in every respect, so far as tested, with the original S form.
Erysipelas type sub II R on reversion to the S showed the following:
Colony morphology: Flat, smooth, somewhat granular border. Identical with the original S.
Cell morphology: Very short chains of small cocci. Sedimentation: Almost clear supernatant, floccular precipitate which breaks up into a coarsely granular suspension on shaking.
Agglutinin absorption: Completely absorbs from the original S and the R. (The S and R completely cross-absorb.)
Carbohydrate fermentation: No change, same as the S and the R.
DISCUSSION
The results here recorded, of various tests employed in the study of dissociative changes in hemolytic streptococci, confirm the findings previously reported (Spicer, 1933) in that a change in colony morphology does not necessarily indicate a change in other characteristics. On the other hand, a strain may change in several characteristics with the colony morphology altering very slightly. It might be advantageous to keep these facts in mind, especially for those workers who are engaged in the preparation of vaccines and toxins. The realization of the possibility of such changes may at times help to elucidate some otherwise unexplainable occurrences relative to the changeability in the potency of such products.
The type that carries the virulence is generally considered the "(normal" or "typical" form of an organism. In all other pathogenic bacterial species so far studied, outside of the streptococcus, it seems that the S form (with very few exceptions) is the "normal" and the one with which virulence is associated. No gener-alization of this sort can be made about the streptococcal group. Cowan (1922) , who was the first to demonstrate dissociation of hemolytic streptococci into rough and smooth types, found the S form much more virulent than the R. Andrewes ' (1928) findings regarding virulence of S and R types of hemolytic streptococci were exactly opposite to those of Cowan. Todd (1928) obtained rough and smooth forms of hemolytic streptococci. Examination of these two types led him to the unexpected observation that the S types were -permanently attenuated and formed clumps in broth whereas the R forms were virulent and produced uniform turbidity in broth. To avoid confusion which might arise from this unusual relationship between virulence and colony form he designated the virulent type as "matt" and the avirulent as "glossy." Eagles (1928) in his study of two strains of hemolytic streptococci found enhanced virulence in the R variant of one and lack of virulence in that of the other, and concluded that colony morphology is not a reliable index of virulence. In the present study, the strains worked with were old stock strains and as such were much attenuated. The virulence of most of the S strains could be raised by mouse passage to quite a high degree. The R strains obtained from these S, on the other hand, were all avirulent and could not be raised in virulence by mouse passage. When enforced variation was applied to the S strains which were rendered virulent by mouse passage it was found that the resultant R variants were also virulent although to a lesser degree than the parent S in all but one case, that in which the S and R were of equal virulence. One other R variant, which was obtained from an S on mouse passage, proved to be of equal virulence with the S type.
The R variants gave better protection to mice when used as vaccines against virulent S strains than the S variants. One R strain, in particular, though avirulent, gave very high protection against virulent, unrelated S strains. This is not in agreement with Day who maintains that the more virulent a strain is the better immunity it confers upon mice and rabbits when used as a vaccine, and that when the virulence of a strain is enhanced to its maximum and used as a vaccine it is capable of protecting against other types of streptococci. The results of the protection tests in this study agree, however, with those of Cowan (1923) who found that the less virulent, R strains gave considerable protection to mice against virulent homologous and heterologous S types.
Hadley (1927) , considering the subject of reversion, suggests that the R to S transformation may take place not through true reversion but through further progression and may thus effect, what he terms, an antigenic cycle, rather than a back-and-forth variation. The results of the agglutinin absorption tests of the "normal" S types and the "reverted" S seem to point to the existence of such a cycle. The fact that "spontaneous" reversion, or reversion taking place without enforcement, by gradual stages, finally yielded smooths which were, according to the tests, antigenically alike, or nearly so, with the original S types strengthens this contention. In the induced reversion the resultant S types showed only partial return to the S form, judging from the partial absorption of the agglutinins from the "normal" S serum by the "reverted" strains. It is possible that the method for enforcement used was not conducive to a complete return to the original S type. It may also be noted from the results of this study of reversion that the return to the S (colony texture) does not indicate in each case the return of other characteristics, and that true return to the "normal" S form is more the result of spontaneous than enforced reversion.
